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摘  要 
I 















2. 利用 RT-PCR 技术克隆了 ipiHp1 基因，利用农杆菌介导法将双元载体
pCAMBIA3300 –egfp- ipiHp1 转入雨生红球藻体内，鉴定表明 ipiHp1 基因已整
合到转化子的基因组 DNA 中，同时检测了转化株虾青素含量的变化，检测发现
转化株 A3 的虾青素含量与野生型有显著差异(P<0.05)，平均值达到 16.49mg/g，
比野生型提高了 5.16 %，为构建高产虾青素的基因工程藻株奠定了基础。 























Astaxanthin, a kind of red ketocarotenoid, has extensive application value 
because of its strong antioxidant ability. It is generally accepted that Haematococcus 
pluvialis can accumulate the highest levels (up to 4% dry weight) of astaxanthin 
under environmental stress among the natural creatures. But the large-scale 
production of astaxanthin is limited by the contradiction between biomass increase 
and astaxanthin accumulation. It is of great significance to increase growth and 
astaxanthin content of Haematococcus pluvialis by genetic engineering strategy. 
In this study, a key enzyme in the process of astaxanthin synthesis, isopentenyl 
pyrophosphate isomerase gene was cloned and introduced to the cell of H. pluvialis 
by Agrobacterium tumefaciens –mediated transformation and particle bombardment 
transformation. The variation in biomass and astaxanthin content of H. pluvialis that 
overexpression of ipiHp1has analysized. The main results are shown as follows: 
1. We have developed a novel transformation approach of H. pluvialis using the 
Agrobacterium tumefaciens binary vector system. Recombinant plasmid 
pCAMBIA3300 -egfp containing the egfp gene was introduced into H. pluvialis and 
expressed successfully. More importantly, the majority of the transformants displayed 
similar biomass and astaxanthin content comparing with the wild type strain. Our 
results suggested that genetically engineered H. pluvialis could be explored by this 
system. 
2. The isopentenyl diphosphate isomerase gene fragment was amplified by 
RT-PCR. The binary expression vector pCAMBIA3300 –egfp- ipiHp1 containing the 
egfp expression box and ipiHp1 expression box was constructed and introduced into 
H. pluvialis by A. tumefaciens –mediated transformation. PCR identification showed 
that ipiHp1 gene has been integrated into genomic DNA of H. pluvialis. Astaxanthin 
content detection found that the transformant strain A3 had significant difference 
comparing with the wild type strain (P < 0.05). The average reached to 16.49 mg/g, 
compared to wild type increased by 5%. The work has laid a foundation for 















3. The expression vector pBlueScript SKⅡ-bar – egfp - ipiHp1 was constructed 
and introduced into H. pluvialis by particle bombardment transformation. 
Fluorescence assay and PCR identification showed that the exogenous gene egfp and 
target gene ipiHp1has been integrated into genomic DNA of H. pluvialis. We detected 
the variation of biomass and astaxanthin content. The statistical analysis indicates that 
there was no significant difference (P > 0.05) between transformants and wild-type 
strains in the variation of astaxanthin content. 
The constructed expression vector and the established transformation method by 
Agrobacterium tumefaciens in this study will play an important role in the transgenic 
research of Haematococcus pluvialis. 
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类胡萝卜素，属于萜烯类不饱和化合物，化学名称为 3，3’ -二羟基- 4，4’ -二酮
基- β，β’ -胡萝卜素，分子式为 C40H52O4，相对分子质量为 596.86，其化学结构
由四个异戊二烯单位以共轭双键形式连接而成，在两端各有一个异戊二烯单位
组成的六元环结构。如图 1.1 所示： 
图 1.1 虾青素的化学结构式 






子(C-3 和 C-3’ )为手性碳原子，以这两个手性碳原子为对称中心，可形成 3 种不
同的构型，即 3R，3’ R、 3S，3’ S、 3R，3’ S 三种旋光异构体(图 1.2)。其中
3R， 3’ R、3S，3’S 互为对映体且具有旋光性，3R、3' S 不具有旋光性。化学
合成的虾青素均为游离虾青素，且为三种光学异构体的混合物[2]，各结构体的质
量比为：n(3S，3’ S)：n(3R，3’ S)：n(3R，3’ R)=l：2：1[3]。在生物体内，通常
会选择性积累同一种光学异构体，故天然虾青素均以 3R，3’ R 或 3S，3’ S 形
式存在[4]。藻源虾青素如雨生红球藻(Haematococcus pluvialis)生物合成的虾青素















等合成的虾青素为 3R，3’ R 异构体[5]。 
图 1.2 虾青素的立体异构体 

















































其衍生物和维生素 E 清除自由基的半数效应剂量 ED50，研究发现羟基和酮基的
数目与清除自由基的作用密切相关，虾青素清除氧自由基的能力最强[8]。同时，
虾青素是单线态氧的淬灭剂。Lee 等把叶黄素、玉米黄质、番茄红素、异玉米黄
素和虾青素(双键数分别为10, 11, 11, 11 和13)5种类胡萝卜素及其衍生物在豆油
光氧化作用中淬灭活性氧的作用进行比较，发现此作用随共轭双键的增多而增
强，并以虾青素的作用为最强[15]。越来越多的研究结果表明，虾青素拥有极强
的抗氧化特性，其抗氧化能力比 β - 胡萝卜素高 10 倍以上，比维生素 E 高 550
















图 1.3 常见类胡萝卜素抗氧化能力比较 
Fig 1.3 antioxidant capacity comparison of carotenoids 
此外，虾青素的强抗氧化性还表现在可以解除光诱导产生的氧化胁迫，在
保护组织免受紫外线的氧化损伤等方面起着重要作用。Connor 等分析了虾青素、
叶黄素、β - 胡萝卜素等在保护小鼠肾纤维细胞免受 UVA 诱导产生的氧化胁迫








刺激时抗体的产生，分泌 IgM 和 IgG 的细胞数增加，此效应对于恢复老龄动物
的体液免疫有很大帮助，而 β -胡萝卜素和叶黄素的这一效应却比较弱[18]。在抗
原入侵初期，虾青素可以增强特异性体液免疫反应，且效果优于 β - 胡萝卜素等
物质[19]。此外，虾青素还能增强小鼠释放白细胞介素- Iα 和肿瘤坏死因子 α，其
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